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Data collection 

Rigaku R-AXIS RAPID/ZJUG 
diffractometer 

Absorption correction: multi-scan 
(ABSCOR; Higashi, 1995) 
T min = 0.905, r m „ = 0.980 

Refinement 

R[F 2 > 2a(F 2 )] = 0.043 

wR(F 2 ) = 0.078 

S = 1.00 

4048 reflections 

223 parameters 

1 restraint 



Table 1 

Hydrogen-bond geometry (A, °). 



8429 measured reflections 
4048 independent reflections 
3048 reflections with / > 2a(l) 
R<„, = 0.034 



H-atom parameters constrained 
A/w = 0.13 e A~ 3 
AA„ in = -0.15 e A~ 3 
Absolute structure: Flack (1983), 

with 1941 Friedel pairs 
Flack parameter: —0.05 (7) 



D-H-A 


D-H 


H-A 


D-A 


D-H-A 


04-H4-N1' 


0.82 


2.09 


2.899 (3) 


169 


01-H1-04 


0.82 


1.80 


2.608 (3) 


166 


Symmetry code: (i 


) -x + l.y-j, -x- 


1-2. 







In the title compound {systematic name: [2-(3-cyano-4- 
isobutyloxyphenyl)-4-methyl-l,3-thiazole-5-carboxylic acid 
(febuxostat) methanol monosolvate}, C 16 H 16 N 2 0 3 S CH 4 0, 
the benzene and thiazole rings in the febuxostat molecule 
are twisted at 5.3 (1)°. In the crystal structure, intermolecular 
O— H- ■ O and O— H- ■ N hydrogen bonds link the febuxostat 
and methanol molecules into helical chains along the 2 1 screw 
axis. 



Data collection: PROCESS-AUTO (Rigaku, 2006); cell refine- 
ment: PROCESS-AUTO; data reduction: CrystalStructure (Rigaku, 

2007) ; program(s) used to solve structure: SHEEXS97 (Sheldrick, 

2008) ; program(s) used to refine structure: SHELXL97 (Sheldrick, 
2008); molecular graphics: ORTEP-3 for Windows (Farrugia, 1997); 
software used to prepare material for publication: WinGX (Farrugia, 
1999). 

The project was supported by Zhejiang Provincial Natural 
Science Foundation of China (grant No. J200801). 



Related literature 

For applications of febuxostat in the medicine, see: Schu- 
macher et al. (2009); Becke et al. (2010); Khosravan et al. 
(2007); Takano et al. (2005). For the synthesis, polymorphism, 
stability and bioavailabitily of febuxostat, see: Hiramatsu et al. 
(2000); Sorbera et al. (2001); Zhou et al. (2007). For the crystal 
structure of febuxostat pyridine solvate, see: Zhu et al. (2009). 




Experimental 

Crystal data 

C 16 H 16 N 2 0 3 SCH 4 0 
M, = 348.41 
Monoclinic, P2 1 
a = 4.7089 (3) A 
b = 17.9073 (13) A 
c = 10.7965 (8) A 
P = 98.047 (2)° 



COOH 



CH,OH 



V = 901.44 (11) A 3 
Z = 2 

Mo Ka radiation 
\jl = 0.20 mm -1 
T = 296 K 

0.48 x 0.13 x 0.10 mm 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: CV5075). 
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Febuxostat methanol solvate 

Q.-Y. Jiang, J.-J. Qian, J.-M. Gu, G.-P. Tang and X.-R. Hu 
Comment 

Gout is a disorder caused by deposition of monosodium urate crystals in joints and other tissues as a result of extracellular 
urate supersaturation. However, hyperuricemia is the most important risk factor for the development of gout and occurs as a 
result of increased uric acid production (Takano et al. , 2005). Febuxostat is a novel non-purine selective inhibitor of xanthine 
oxidase which is currently under investigation for the management of hyperuricaemia in patients with gout (Khosravan et al. , 
2007). Many patents and papers have been reported on the synthesis, polymorphism, stability and bioavailabitily of this drug 
(Hiramatsu et al, 2000; Sorbera et al, 2001; Zhou et al., 2007). The single-crystal structure of febuxostat pyridine solvate 
has been reported by Zhu et al. (2009). In the present study, we report the crystal structure of febuxostat methanol solvate (I). 

The asymmetric unit of (I) consists of one febuxostat molecule and one methanol molecule (Fig. 1). The benzene and 
thiazole rings of the febuxostat molecule are almost coplanar, with the dihedral angle between them being 5.3 (1)°. The 
carboxyl group is coplanar with the thiazole ring as indicated by torsion angles 02 — C4 — C3 — C2 and 01 — C4 — C3 — SI 
of -0.8 (4)° and -2.5 (3)°, respectively. Conformations of the febuxostat molecule in (I) and in febuxostat pyridine solvate 
(Zhu et al, 2009) are close. 

In the crystal structure, febuxostat molecules and methanol molecule are linked by intermolecular hydrogen bonds 
O — H-N and O — H - O. In this way, the molecules are linked into infinite zigzag chains stretching along the b axis. 

Experimental 

The crude product supplied by Zhejiang Huadong Pharmaceutical Co., Ltd, was recrystallized from methanol solution giving 
colourless crystals suitable for X-ray diffraction. 

Refinement 

All H atoms were placed in calculated positions with C — H = 0.93-0.98 A and O — H = 0.82 A and included in the refinement 
in riding model, with (7i S0 (H) = 1.2C/ e q or 1.5(7 e q(carrier atom). 

Figures 



Fig. 1 . Molecular structure of (I) showing the atom-labelling scheme and displacement ellips- 
oids drawn at 40% probability level. H atoms are shown as small circles of arbitary radii. 
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Fig. 2. A view down the c axis of a portion of the crystal structure showing hydrogen bonds 
by dashed lines [symmetry codes: (i) 1 - x, -1/2 + y, 2 - z; (ii) 1 -x, 1/2 +y, 2 - z]. 



[2-(3-cyano-4-isobutyloxyphenyl)-4-methyl-1,3-thiazole-5-carboxylic acid methanol monosolvate 



Crystal data 
Ci6Hi 6 N 2 03SCH 4 0 
M,-= 348.41 
Monoclinic, P2\ 
Hall symbol: P 2yb 
a = 4.7089 (3) A 
b= 17.9073 (13) A 
c= 10.7965 (8) A 
(3 = 98.047 (2)° 
K=901.44(ll) A 3 
Z = 2 



^(000) = 368 

D x = 1.284 MgnT 3 

Mo i&x radiation, X = 0.71073 A 

Cell parameters from 6196 reflections 

6 = 3.8-27.4° 

H = 0.20 mm -1 
7=296K 
Needle, colourless 
0.48x0.13x0.10 mm 



Data collection 

Rigaku R-AXIS RAPID/ZJUG 
diffractometer 

Radiation source: rolling anode 
graphite 

Detector resolution: 10.00 pixels mm" 1 
co scans 

Absorption correction: multi-scan 
(ABSCOR; Higashi, 1995) 

r min = 0.905, r max = 0.980 

8429 measured reflections 



4048 independent reflections 

3048 reflections with / > 2o(i) 
0.034 

6max — 27.4 , 0 m j n — 3.8 

h = -5^6 



k = -23-^23 
/ = 13-^13 



Refinement 
Refinement on F 2 
Least-squares matrix: full 
R[F 2 > 2GCF 2 )] = 0.043 

wRiF 2 ) = 0.078 

S= 1.00 

4048 reflections 

223 parameters 

1 restraint 



Secondary atom site location: difference Fourier map 

Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w = V[o 2 (F 2 ) + (0.0221P) 2 + 0.134P] 

where P = (F 2 + 2F 2 )/3 

(A/0) max = 0.002 

Ap m ax = 0.13 e A -3 
Ap m in = -0.15 e A -3 

Absolute structure: Flack (1983), with 1941 Friedel 
pairs 
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Primary atom site location: structure-invariant direct „ , . . . ,_. 

methods parameter: -0.05 (7) 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two Is. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

2 2 
Refinement. Refinement of F against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F , convention- 
al i?-factors R are based on F, with F set to zero for negative F . The threshold expression of F > o(F ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 
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H17A 
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0.7890 


0.138* 


H17B 
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0.138* 


H17C 


-0.0445 


0.2331 
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0.138* 


SI 


0.81600 (13) 


0.45188 (3) 


0.82299 (5) 


0.04563 (15) 


Nl 


0.7895 (4) 


0.56137 (10) 
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03 
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Atomic displacement parameters (A 2 ) 
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Geometric parameters (A, °) 

04— C17 1.409 (4) C3— C2 1.357 (3) 

04— H4 0.8200 C3— C4 1.471 (3) 

C17— H17A 0.9600 C14— C15 1.508 (4) 

C17— H17B 0.9600 C14— C16 1.535 (4) 

C17— H17C 0.9600 C14— H14 0.9800 
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II J. 0 (2) 


p 1 c 1 pi 
CI — Si — C3 


on /in /1 i\ 
OV.4U (1Z) 


p 1 n pn po 

cio — cy — Co 


1 1 O O 

11 0.0 (2) 


pi mi pi 
CI — JN 1 — C2 


111 m / 1 n\ 
111.U3 (iy) 


p/; p~7 po 
Co — C / — Co 


1 in /; 
120.6 (2) 


po p.i rn i 
Cy — U3 — C 1 3 


1 1 0 (\ H\ 

1 lo.UO \V i) 


p/: Tj'i 

Co — C / — H / 


11Q7 

i ly. / 


r~*n p/: pi i 
C / — Co — C 1 1 


I 1 *7 O 

II /.O (Z) 


PO P"7 m 

Co — C / — H / 


1 1 n "7 

ny./ 


p~7 p*; n 
C / — Co — C 1 


1 in n /'ia 

izu.y (Z J 


P 1 1 pin pn 

cii — ciu — cy 


1 1 n n 

ny.y (2j 


pi 1 p/r PI 

CI 1 — Co — CI 


1Z1 .3 \L ) 


pi 1 pin tt i n 
Cll — CIU — H1U 


1 in 1 
12U.1 


p~7 po pn 
C/ — Co — CV 


1 in o c-i\ 
1ZU.0 (Z) 


pn p 1 n tj 1 n 
cy — C 1 U — H 1 0 


1 in 1 
120.1 


p~7 po pn 
C / — Co — C 1 2 


IZU.j (Z) 


pi p^i ni 
Uz — C4 — U 1 


1 n i /i\ 
123.1 (2) 


pn po rn 
cy — Co — C 1 2 


no 7 /">\ 

llo. / (Z) 


PT P/1 PI 

(JZ — C4 — C3 


ii/i i /i\ 
124.1 (2) 


\r1 pi p/r 

JN 1 — CI — Co 


1Z3.0 (Z) 


A| py] PQ 

Ul — C4 — C3 


1 1 1 O /1\ 

1 12. 0 (2) 


M 1 P 1 C 1 

JN 1 — CI — M 


11/1 1 C /"1 

1 14.3 j (1 /) 


"\TT PIT PO 

JNz — Clz — Co 


1 in tt n\ 
1 /y.O (3) 


p/; p 1 c 1 
Co — CI — M 


1 n m / 1 o\ 
1ZZ.U3 (lo) 


PI PC TJC A 

Cz — Cj — H5A 


1 nn c 

loy.j 


PI PIT P 1 A 

U3 — C 1 3 — C 1 4 


1 no 1/1 /■ 1 n\ 
lUo.14 (iy) 


PT PC TJTCO 

Cz — CD — HDD 


1 nn c 

loy.j 


m p 1 1 tt 1 1 a 
U3 — C 1 3 — H 1 3 A 


1 1 n 1 
1 1U. 1 


TJC A PC TJCD 

HjA — Cj — HjB 


1 nn c 

loy.j 


pi/1 pii un a 
C 1 4 — C 1 3 — H 1 3 A 


1 1 n 1 
1 1U. 1 


PT PC TTCP 

Cz — Cj — HjC 


1 nn c 

loy.j 


PI P 1 1 TJ1 TD 

U3 — C 1 3 — H 1 3B 


1 1 n 1 
1 1U. 1 


tjc A PC JJCP 

HjA — Cj — HjC 


1 nn c 

loy.j 


pi/i p 1 1 unD 
C 1 4 — C 1 3 — H 1 3is 


1 1 n 1 
1 1U. 1 


JJCTD PC JJCP 

HjB — Cj — HjC 


1 nn c 

loy.j 


un a pii irnD 
H13A — C13 — H13B 


1 no a 
lUo.4 


pi/1 ru jji/ta 
C 14 — C 1 0 — H 1 OA 


1 nn c 

loy.j 


p/i ni tj 1 
C4 — Ol — HI 


1 nn z 

iuy.j 


p i a ru jji/tt> 
C 14 — C 1 0 — H 1 ohs 


1 nn c 

loy.j 


PI PI P/1 

C2 — C3 — C4 


128.6 (2) 


TT1/CA P1/I TT1/IT} 

H 1 oA — C 1 o — H 1 od 


109.5 


C2— C3— SI 


110.26(18) 


C14— C16— H16C 


109.5 


C4— C3— SI 


121.10(18) 


H16A— C16— H16C 


109.5 


C15— C14— C13 


111.9 (2) 


H16B— CI 6— H16C 


109.5 


C15— C14— C16 


112.2 (2) 


C14— C15— H15A 


109.5 


C13— C14— C16 


107.4 (2) 


C14— C15— H15B 


109.5 
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C15 — C14 — H14 


108.4 


C13 — C14 — H14 


108.4 


C16 — C14 — H14 


108.4 


C3 — C2 — Nl 


115.0 (2) 


PO \T1 pi P 

CZ — JN 1 — CI — Co 


1 *70 0*7 / 1 n\ 

—l /o.o / (ly) 


P^> \T 1 pi CI 

CZ — JN 1 — CI — ol 


— U.Z (Z) 


p /: ni \t i 

C / — Co — C 1 — JN 1 


— 1 /0.4 (Z) 


ni 1 p/: pi \t i 

CI 1 — Co — CI — JN 1 


5.0 (3) 


p-7 P /" pi CI 

C / — Co — C 1 — o 1 


5.0 (3) 


P i i p/: pi ci 

CI 1 — Co — CI — M 


1 "71 C7 /I "7\ 
—1 /3.J / (1 /) 


PO C 1 Pi \T1 

C3 — — CI — JN 1 


A AA / 1 C\ 

U.UU (lo) 


PI CI pi P/T 

C3 — M — CI — CO 


1 "7Q T~) (\ G\ 

1 /o. /Z (loj 


pp. p.Q PIT P 1 /I 

CV — <J3 — C 1 3 — C 1 4 


1 7C A 1 / 1 A\ 

_ 1 /j.41 (ly) 


pi ci pi pi 

CI — o 1 — C3 — CZ 


a n pi o\ 
U. 1 / (loj 


p 1 C 1 PI p /I 

CI — ol — C3 — C4 


1 *7A in / 1 o\ 

—i /y.zu (is) 


p 1 -J p 1 /] pic 

<J3 — C 1 3 — C 1 4 — C 1 j 


OZ.Z (3 J 


p.-} pit pi/1 pi/: 

<J3 — C 1 3 — C 1 4 — C 1 o 


17/1 i p)\ 

-1 /4.3 (Z) 


p A PT PO \T 1 

C4 — C3 — C2 — N 1 


1 *7A A Pl\ 

179.0 (2) 


SI— C3— C2— Nl 


-0.3 (2) 


C4— C3— C2— C5 


-0.8 (4) 


SI— C3— C2— C5 


179.91 (19) 


CI— Nl— C2— C3 


0.3 (3) 


CI— Nl— C2— C5 


-179.9 (2) 



Hydrogen-bond geometry (A, °) 

D—H-A D — H 

04— H4-N1 ; 0.82 

Ol— Hl-04 0.82 
Symmetry codes: (i) -x+\,y-\l2, -z+2. 



H15A— C15— H15B 109.5 

C14— C15— H15C 109.5 

H15A— C15— H15C 109.5 

H15B— C15— H15C 109.5 

C7— C6— C 1 1 — C 1 0 0.9(3) 

CI— C6— Cll— C10 179.5(2) 

C13— 03— C9— C10 -2.4(3) 

C13— 03— C9— C8 177.84 (19) 

C7— C8— C9— 03 -179.2(2) 

C12— C8— C9— 03 2.6 (3) 

C7— C8— C9— C10 1.1 (3) 

C12— C8— C9— C10 -177.2(2) 

Cll— C6— C7— C8 -0.8(3) 

CI— C6— C7— C8 -179.4(2) 

C9— C8— C7— C6 -0.2 (3) 

C12— C8— C7— C6 178.1 (2) 

C6— Cll— C10— C9 0.1 (4) 

03— C9— C10— Cll 179.3(2) 

C8— C9— C 1 0— C 11 -1.0(3) 

C2— C3— C4— 02 -0.8 (4) 

SI— C3— C4— 02 178.45 (19) 

C2— C3— C4— Ol 178.3 (2) 

SI— C3— C4— Ol -2.5 (3) 

II - 1 D-A D—H-A 

2.09 2.899 (3) 169 

1.80 2.608 (3) 166 
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